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Abstract: The Grain for Green Program (GGP) is an important ecological project in China that was
implemented to tackle serious soil erosion and forest loss for sustainable development. Investigating
landscape change is an efficient way to monitor and assess the implementation of GGP. In this paper,
180 ethnic villages, including 36 Miao and Dong (MD) villages with combined populations of Miao
people and Dong people, 65 Dong villages, and 79 Miao villages in Qiandongnan Prefecture were
selected to investigate the influence of GGP on ethnic villages by evaluating the landscape changes
before and after the implementation of the GGP within 1-km and 2-km distance buffers around ethnic
villages. The results show that the GGP has more significant positive impacts on reforestation around
Miao villages than Dong villages and MD villages because Miao villages are mostly located in higher
and steeper areas, which are the focus of the GGP. Based on the analysis, a continuation of the GGP in
Qiandongnan Prefecture is recommended, as it can incentivize the recovery of forest cover in steeper
slopes. More attention should now be paid to the Dong villages and MD villages, which were not
previously a focus of the GGP.
Keywords: landscape change; ethnic villages; Qiandongnan Prefecture; Grain for Green Program;
sustainable development
1. Introduction
Environmental degradation is one of the most important obstacles to sustainable development,
and as such, has drawn increasing attention from both government and academia [1,2]. Among the
many manifestations of environmental degradation, soil erosion has gained attention throughout the
world [3,4]. Soil erosion is considered as a serious environmental problem because of its adverse
effects both onsite and further downstream, such as loss of soil fertility, siltation of water channels,
sedimentation of reservoirs, eutrophication, and reduction of water quality [5,6]. Afforestation is
regarded as an effective measure for controlling soil erosion [7,8], and also has additional ecological
benefits such as enhancing soil carbon accumulation and further mitigating climate change, improving
water quality, and restoring ecosystem services [9,10].
To control serious soil erosion for sustainability needs, the Grain for Green Program (GGP) was
launched by the Chinese government in 1999 and implemented in 25 provinces in 2002. This program
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aims to increase vegetation coverage on steep slopes by planting trees on former cropland or
uncultivated barren land. Farmers were encouraged to return their cropland on steep slopes (normally
over 25◦) for trees, in return for financial compensation [11,12]. The government has continuously
invested in this program during the past 17 years, with a total investment of 450 billion RMB
(65.5 billion USD) [13]. A total of 29.8 million hectares of steep-slope cropland and barren land
were afforested between 1999 and 2014 [13].
Methodologies and indices from landscape ecology are often used for assessing the GGP [14,15].
However, previous assessments were conducted at broad spatial scales, i.e., the regional scale [16],
provincial scale [17], prefecture scale [18], or county scale [19]; meanwhile, landscape change driven
by the GGP at the village level is poorly understood. Villages and towns are the main types of human
settlement and the centre and basis of human activities to alter the environment in the mountainous
regions which are the key areas of implementation of the GGP [20,21]. Managing such alterations
is usually the objective of environmental regulation/policy and sustainable development strategies.
Thus, investigating the landscape change around villages in mountainous regions could offer reliable
information to decision-makers to aid planning and policy-making.
Many traditional ethnic villages have important natural and cultural heritage located in the key
areas of the GGP. For instance, traditional Miao and Dong villages in Qiandongnan Prefecture place a
high value on the protection of the cultural and natural heritage of these two ethnic groups. Many of
these villages are settled in high mountains with steep slopes, where some croplands have been
returned to forest. The implementation of the GGP has also changed the production mode and income
structure of farmers in these traditional villages, by causing local residents to shift from farming to other
activities and paying them an annual living allowance and grain/cash subsidies [22–24]. For example,
3.1 million farmers in Guizhou Province migrated to cities for nonagricultural employment in 2005 [25].
Furthermore, the land use behaviors of farmers have been influenced by GGP policy, thus further
affecting land use change [26]. These varied among communities and were influenced by local
environmental factors [26]. Studying the landscape change after the implementation of the GGP in
these ethnic villages could provide information on the planning of sustainable development, as well as
protecting the local natural and cultural heritage. The main purposes of the present study are to present
the influence of the GGP on landscape change around ethnic villages in Qiandongnan Prefecture, as well
as the varying responses of different types of ethnic villages, in order to provide some meaningful
insights into the nature of landscape changes at the village scale, which can be used to aid decision- and
policy-making for vegetation conservation and sustainable development in the prefecture.
2. Materials and Methods
2.1. Study Area
Qiandongnan Prefecture plays a vital role in soil and water conservation in the upper Yangtze
River watershed, being a key area for the implementation of the GGP. The GGP was launched in Liping
County in 2000 and implemented throughout the prefecture in 2002. The GGP mainly concentrated on
the northern, northeastern, and central parts of Qiandongnan Prefecture [27]. By 2010, trees had been
planted over a total area of 116,021.73 hectares, including 37,233.33 hectares of returned cropland [27].
As compensation, the central government provided 2250 kg of food and 300 yuan in cash to subsidize
every hectare of converted cropland at the beginning of the implementation of the GGP [22]. After 2004,
food subsidies were removed from the compensation system and the cash subsidy was improved to
3600 yuan per hectare. The duration of the subsidies is between 5 and 8 years, depending on the types
of trees planted [22].
Qiandongnan Prefecture is located in the southeast of Guizhou Province, China, in an area
measuring 30,337.1 km2 (Figure 1). This prefecture contains 16 counties, with a population of
4.58 million, covering 33 ethnic minorities and two unrecognized ethnic minorities. The Miao and
the Dong peoples are the most populous ethnic groups, constituting 42.22% and 29.75% of the total
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population, respectively [28]. The altitude of the prefecture varies between 20 and 2167 m above sea
level, with an average slope of approximately 22◦ (Figure 1). It has a northern subtropical monsoon
climate with an annual average temperature ranging from 14 ◦C to 18 ◦C and an average annual
precipitation of between 1000 mm and 1500 mm. Rainfall shows high seasonal variability, with
approximately 70% falling in the rainy season, and the relative humidity ranges between 78% and 84%.
This area is one of the most significant forested areas in China. It is also one of the regions with the
richest biodiversity in China, hosting 56 species of mammals, 40 species of amphibians, 36 species
of reptiles, 162 species of birds, 62 species of fishes, and 2009 species of plant. Over 60 species are
classified as endangered under the national protection level, and 24 plant species are endemic to China,
such as Tetracentron sinense [28].
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The main economic activity of both the Miao and Dong ethnic groups in Qiandongnan 
Prefecture is agricultural production. The main crop is rice, with a great variety of cultivars. These 
two ethnic groups cultivated a unique terraced landscape on the local terrain. A rice–duck–fish 
symbiotic agroecosystem had been established there and has been inherited for over a thousand years 
[32]. This agroecosystem has been designated as a Globally Important Agricultural Heritage System 
by the Food and Agriculture Organization since 2002, and certified as a China Nationally Important 
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Figure 1. The location of ethnic villages and administrative districts, overlain over a topographic
map, in Qiandongnan Prefecture, Guizhou Province, China. MD village represents the mixed villages
occupied by both Miao and Dong peoples.
The Miao people migrated into and settled in Guizhou 2000 years ago [29], and Guizhou is now
the main distribution area of Miao people in China [30]. The ajority of the Miao people live with
their own people in independent Miao villages [30].
The Dong people are recognized as t ti t ic eople in Guizhou Province, with a long
history dating back to the early Qin Dynasty, uc t e iao people. Qiando g an
Prefecture is the largest settlement area of i hina, cons ituting 40% of the national
Dong po ulation [31].
The main economic activity of both the Miao and Dong ethnic groups in Qiandongnan Prefecture is
agricultural production. The main crop is rice, with a great variety of cultivars. These two ethnic groups
cultivated a unique terraced landscape on the local terrain. A rice–duck–fish symbiotic agroecosystem
had been established there and has been inherited for over a thousand years [32]. This agroecosystem
has been designated as a Globally Important Agricultural Heritage System by the Food and Agriculture
Organization since 2002, and certified as a China Nationally Important Agricultural Heritage System
by the Ministry of Agriculture of China since 2012, due to its sustainable features [33,34]. It plays an
important role in biodiversity conservation, food security, and environmental protection [33,34].
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Both the Miao and Dong peoples believe in a forest god, and always reserve small pieces of
forest near to or within their villages as so-called sacred forest. This custom plays an important role in
maintaining harmony and stability within local communities, protecting traditional culture, promoting
the rational exploitation and utilization of land resources, and promoting the sustainable use and
protection of biological resources, especially forest resources.
2.2. Selection and Positioning of Ethnic Villages
On 26 December 2005, a list of one hundred traditional ethnic villages (towns) in Qiandongnan
Prefecture was published. The majority of these villages are occupied by Miao and Dong people.
Therefore, three types of villages, namely Miao villages, Dong villages, and mixed (MD) villages
which are occupied by both Miao and Dong peoples, were chosen as targets. The selection of target
villages was initially based on the aforementioned 2005 announcement. The identification of the ethnic
properties of each village was made using census data from the Thousands of Towns and Villages
Project of Guizhou Province [35]. Subsequently, information for more than 3300 other villages in the
prefecture was checked. Several additional villages not included in the announcement were added
to the dataset. Unfortunately, detailed information about ethnic composition is not available for all
villages. In total, 180 ethnic villages identified as either Miao, Dong, or MD villages were finally
selected to represent a sample of all ethnic villages in Qiandongnan Prefecture. The dataset includes
65 Dong villages, 79 Miao villages, and 36 MD villages.
Two methods were used for determining the location and extracting the areas of ethnic villages.
The locations of 70 ethnic villages, comprising 36 Miao villages and 34 Dong villages from the
announcement, were first located using GPS devices during fieldwork. Subsequently, the location data
obtained from fieldwork was imported into Google Earth for locating and extracting the areas of the
villages. Ethnic villages selected from the Thousands of Towns and Villages Project were counted and
grouped into the towns they belong to. Additionally, a coordinated town-level district map, which
was purchased from the local government, was imported to Google Earth for defining the boundaries
of towns. Then, ethnic villages were identified based on their name within the town boundaries.
After being identified, the areas of villages were manually extracted by drawing polygons based on
the area of villages in remote sensing images from Google Earth. Manually extracting village areas
was achievable because the buildings in the villages could be easily distinguished from remote sensing
images at a high resolution of 0.4 m (Figure 2). Subsequently, area data obtained from Google Earth
was imported into ArcMap 10.3 (ESRI, Redlands, CA, USA) for further processing.
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2.3. Field Survey
The locations of villages were positioned during a three-week field survey in November 2011.
The field survey showed that cropland is typically distributed around villages within about 1 km and
that sacred forest is located up to 0.5 km from the villages or within the village boundaries.
During the period from May to September 2014, questionnaires (Supplementary Materials
Sections S1 and S2) concerning the implementation and influence of the GGP were collected from
ethnic villages to identify the attitude and concerns of local residents to the GGP. Additionally, village
managers from ethnic villages representing the three types of ethnic villages were interviewed.
2.4. Landscape Change Analysis
Four historical land use maps covering Qiandongnan Prefecture, spanning the years 1993, 1999,
2009, and 2013, respectively, were used to analyze the landscape changes around the ethnic villages
before and after the implementation of the GGP. The land use maps were extracted from Landsat
TM/+ETM and Landsat 8 remote sensing images (https://www.usgs.gov/) with a resolution of 30 m
using the ERDAS 9.2 software (Hexagon Geospatial, Madison, AL, USA). A 1:50,000 digital elevation
model (DEM) with a resolution of 30 m, purchased from the Chinese Ministry of Land and Resources,
was used to assist land use/cover classification and analyze the topographic condition around the
ethnic villages. Land use/cover was classified into five categories including cropland, forest, grassland,
residential area, and water body, with overall accuracies (generated from a confusion matrix) of 88.37%,
88.70%, 88.03%, and 86.65% and kappa coefficients of 0.85, 0.85, 0.84, and 0.83 for the years 1993, 1999,
2009, and 2013, respectively.
Landscape metrics are important indicators for evaluating the land use/cover change, habitat
functions, landscape-regulating functions, and information functions [36]. They can effectively
reflect landscape structure, spatial allocation, and the influence of landscape change on ecosystem
services. Quantitative analysis of the landscape pattern and landscape dynamics through indices
is one of the core methods of landscape ecology [37]. Buffer belts situated 1 km and 2 km from the
centre of the villages were created to investigate the landscape change around the ethnic villages.
The investigation focused on the change in forest, cropland, and grassland. Residential and water areas
were not evaluated in this study as they account for very small proportions and are stable. The Patch
Analyst Program extension in ArcGIS 10.3 was used to quantify landscape structure at the class level.
Three landscape indices were chosen to describe the landscape pattern: class area (CA), expressed as
the percentage of the total area at the class level; number of patches (NP); and edge density (ED) at the
class level [38]. These three landscape indices are commonly used in landscape research and are the
foundation for calculating other landscape indices [39]. CA can be used to identify the predominant
landscape type that further defines the biodiversity, dominant species, and abundance of species
habituated in this type of landscape, while NP and ED are usually used to describe the heterogeneity
and fragmentation of landscapes, which can further indicate the intensity of human activities [40].
One-way analysis of variance (ANOVA) was performed to investigate the significance of
landscape change before and after the implementation of the GGP and the variance of landscape
patterns among ethnic village types. The variables exhibiting differences among villages and years
were tested at the significant level of 0.05 (p < 0.05). LSD post-hoc tests were additionally conducted to
investigate the patterns of the differences.
Geographical factors such as slope and elevation are the factors which influence the distribution
of ethnic villages, agricultural activities, and political enforcement of the GGP [12,18,41,42].
The correlation between geographical factors and landscape index were calculated to investigate
the significance of the influence of the GGP on the landscape around the different types of ethnic
villages. The average and range of elevation and slope within the buffers extracted from the DEM
were used for analysis.
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3. Results
3.1. Spatial Distribution of the Ethnic Villages
Miao villages are mainly located in the central and western parts of Qiandongnan Prefecture, in
the region of Leigong Mountain with complex topography (Figure 1). In contrast, Dong villages are
predominately distributed in eastern and southern areas, where the topography is relatively lower and
flatter (Figure 1). The MD villages are mainly located in the northern part of Qiandongnan Prefecture
(Figure 1). The spatial distribution of the ethnic villages along with their altitudes and slopes is shown
in Figure 3a. Generally, Miao villages are more likely to be distributed in higher and steeper areas than
Dong villages and MD villages. Additionally, topographic changes around Miao villages are more
dramatic than those around Dong villages and MD villages (Figure 3b). There are more Miao villages
located in areas where the altitude change is greater than 100 m and/or the slope change is greater
than 20◦ (Figure 3b).
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Figure 3. The distributio thnic villages in terms of altitude and slope: (a) the average altitude
and slope within the ethnic villages; (b) the range of altitude and slop within th et nic villages.
The circles in (a) indicate the clustered distribution of the ethnic villages in terms of slope and levation.
The blue line in (b) distinguishes the changing range of geographical factors around the ethnic villages.
Miao villages are located within the alti ude range 40 –1260 m, with an average altitude of 776 m,
and mainly being in the range of 800–999 m. Dong villages are distributed within t e altitude range
from 181–914 m, with an average altitude of 550 m, and are mainly at altitudes lower than 800 m.
MD villages are located at altitudes of 282–975 m, with an average of 626 m, and are mainly in the
rage of 400–800 m (Figure 3a). The slope in Miao villages ranges from 2.3◦ to 35.5◦, with an average
value of 12.35◦, and is mainly in the range of 7◦–15◦. Dong villages are located in areas with a slope of
between 2.6◦ and 17.6◦, with an average value of 8.65◦, and mainly in the range of 0◦–15◦. MD villages
are distributed within the slope range from 2.7◦ to 20.8◦, with an average slope of 8.64◦ (Figure 3a).
3.2. Landscape Change around the Ethnic Villages
3.2.1. Landscape Change around Dong Villages
Before the implementation of the GGP, forest was the predominant land cover and was
continuously distributed as big patches around the majority of the Dong villages; however, cropland
became the dominant land cover after the implementation of the GGP, even within the 2 km buffer
belts (Figure 4a). Grassland only accounted for a very small proportion of the land cover around the
Dong villages and experienced a continuous decline during the study period (Figure 4a). During the
study period, the NP and ED of all land cover types declined significantly (Figure 4a,b).
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period from 1993 to 1999, the CA of cropland and forest was stable within all buffers; however, the
CA of grassland reduced significantly and effectively disappeared around some villages (p < 0.001).
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The NP and ED of all types of land cover also decreased significantly within all buffers (p < 0.001).
After the GGP was implemented, the CA of cropland within the 1-km buffer (68.59 ± 5.36%, p < 0.001)
and 2-km buffer (59.89 ± 5.20%, p < 0.001) in 2009 statistically significantly increased compared to the
CA of cropland in 1999 (1-km buffer: 49.43 ± 5.36%; 2-km buffer: 37.43 ± 4.09%). In the meantime,
the NP and ED of cropland within all buffers statistically significantly declined (p < 0.001). On the
contrary, the CA of forest declined notably during the period from 1999 (1 km: 47.96 ± 5.45%; 2 km:
59.46 ± 4.10%) to 2009 (1 km: 29.27 ± 5.02%, p < 0.001; 2 km: 38.93 ± 5.25%, p < 0.001). The NP of the
forest declined, although not to a statistically significant degree (p = 0.131 within the 1-km buffer and
p = 0.923 within the 2-km buffer), and its ED decreased to a statistically significant degree (p < 0.001).
At the same time, the CA, NP, and ED of grassland reduced significantly. Grassland disappeared
around the majority of Dong villages within the 1-km buffer and disappeared around several villages
within the 2-km buffer. During the period from 2009 to 2013, land cover around Dong villages had
remained stable, as determined by the results of LSD post-hoc tests (p > 0.05).
3.2.2. Landscape Change around MD Villages
Cropland was the major land cover around most MD villages throughout the whole study period.
With the increase in the buffer distance, the coverage of cropland declined, but it still played a dominant
role after 1999 (Figure 5a).
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Before the i ple entation of the P, cropland increased significantly around MD villages
(p < 0.001) (Figure 5a). Reclamation was undertaken to a significant degree, hich ade the scattered
cropland more expanded and connected. The expansion of cropland erased small patches of grassland
from the surrounding areas of MD villages, making the NP and ED decrease significantly (Figure 6b,c).
Consequently, the CA, NP, and ED of grassland declined significantly (p < 0.001), with grassland
even disappearing completely in some villages. After the implementation of the GGP, the CA of
cropland increased, although not to a statistically significant degree, within both the 1-km buffer
(1999: 64.33 ± 8.45%; 2009: 65.30 ± 5.63%, p = 0.853) and the 2-km buffer (1999: 52.11 ± 8.05%; 2009:
55.71 ± 4.92%, p = 0.415). The NP and ED of cropland remained stable around MD villages. Similarly,
the CA, NP, and ED of grassland also remained stable after the implementation of the GGP. Unlike
the change of forest around Dong villages, the coverage of forest around MD villages remained stable
during the study period, although the NP and ED of forest decreased.
3.2.3. Landscape Change around Miao Villages
Unlike the landscape pattern around Dong villages and MD villages, forest was the major land
cover around Miao villages within the 1-km buffer (49.11 ± 5.07%) in 1993 and the major land cover
within the 2-km buffer throughout the study period (Figure 6a). Grassland only occupied a small
proportion. Before the implementation of the GGP, the coverage of cropland within all buffers increased
significantly (p < 0.001). On the contrary, the coverage of forest and grassland declined significantly
(p < 0.05). The NP and ED of all land cover types declined significantly (p < 0.001) (Figure 6b,c). Due to
the implementation of the GGP, the coverage of cropland in 2009 (1 km: 53.48 ± 5.08%, p = 0.329;
2 km: 44.89 ± 5.10%, p = 0.812) increased compared to that in 1999 (1 km: 56.88 ± 5.60%; 2 km:
45.68 ± 5.41%), but not to a statistically significant degree. As a result, the coverage of forest increased,
although not to a statistically significant degree (1 km: p = 0.266; 2 km: p = 0.500), as did the coverage
of grassland (1 km: p = 0.445; 2 km: p = 0.274). After the implementation of the GGP, the NP and ED
of all types of land cover reduced significantly (Figure 6b,c). During the period from 2009 to 2013,
a significant change in the landscape around Miao villages was not observed.
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around Miao villages within both the 1-km buffer and 2-km buffers. Before the implementation of the
GGP, reclamation was intensively undertaken around Miao villages and MD villages. Consequently,
the coverage of cropland around those two types of villages greatly increased and was significantly
higher than that around Dong villages. After the implementation of the GGP, the reclamation around
Miao villages was controlled. However, reclamation was still undertaken around MD villages and
intensively undertaken around Dong villages. Therefore, the coverage of cropland around Dong
villages and MD villages was significantly higher than that around Miao villages.
Before the implementation of the GGP, cropland within the 2-km buffer around MD villages was
more continuous than that around the other two types of ethnic villages, as indicated by the presence
of fewer cropland patches and smaller cropland ED. After the implementation of the GGP, there was
no significant difference in the NP and ED of cropland among the ethnic villages.
Forest was the major land cover around Miao villages, and the coverage of forest around Miao
villages was significantly higher than that around Dong villages and MD villages throughout the study
period. In 1993, Dong villages had similar forest coverage to Miao villages and higher forest coverage
than MD villages. During the period from 1993 to 1999, forest coverage around Miao villages and MD
villages reduced and was significantly lower than that around Dong villages. After the implementation
of the GGP, the coverage of forest around Dong villages reduced and was significantly lower than that
around Miao villages.
In 1993, MD villages had the highest grassland coverage and Dong villages had the lowest
grassland coverage. Subsequently, grassland continually decreased and disappeared around many
ethnic villages. There was no significant difference in grassland coverage, NP, or ED within the
1-km buffer among the ethnic villages after the implementation of the GGP; however, the grassland
coverage around Miao villages and Dong villages was higher than that around Dong villages within
the 2-km buffer.
3.3.2. Comparison among Representative Ethnic Villages
Three villages representing the three types of villages were studied as representative cases. Xijiang
Qianhu Miao Village (Figure 1) and Zhaoxing Dong Village (Figure 1) are two of the most famous
ethnic villages in Guizhou Province and two of the largest ethnic villages in Qiandongnan Prefecture.
For comparison, an MD village named Sizhai (Figure 1), which has the largest built-up area among the
MD villages, was also selected. Among the three villages, Xijiang Qianhu Miao Village has the most
severe geographical location, with the highest altitude, the steepest slope, and the most dramatically
changing topography. Sizhai is located at a higher altitude than Zhaoxing Dong Village, yet the
topography is flatter.
From Table 1, it can clearly be seen that opposite change trends of cropland coverage and
forest coverage occurred around the Miao villages and Dong villages before and after the GGP
implementation. From 1993 to 1999, the forest coverage around Xijiang Qianhu Miao Village
decreased with increased cropland coverage, and the forest coverage subsequently increased after
the implementation of the GGP, while the land use change around Zhaoxing Dong Village shows an
opposing trend. Conversely, the coverage of forest around Sizhai continually increased throughout the
study period. Grassland coverage around all villages showed a decreasing trend, especially around
Zhaoxing Dong Village and Sizhai, where grassland disappeared after 2009.
With the buffer outreach, cropland around Xijiang Qianhu Miao Village and Sizhai shows a
decreasing trend, while it increases around Zhaoxing Dong Village after 2009. The built-up area within
the 1-km buffer of Zhaoxing Dong Village increased significantly during the study period. A significant
increase in the built-up area within the 2-km buffer of Xijiang Qianhu Miao Village from 2009–2013
was also observed, as new buildings and car parks outside the village were built to meet the increasing
needs of a growing number of tourists and agricultural development.
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Table 1. The land use change around representative ethnic villages from 1993 to 2013 (unit: %).
Village Land Cover
1 km 2 km
1993 1999 2009 2013 1993 1999 2009 2013
Xijiang Qianhu Miao Village
Cropland 48.25 68.93 46.32 46.16 46.18 65.67 31.72 28.07
Forest 38.63 21.94 44.72 44.95 51.24 33.87 67.11 66.01
Grassland 4.28 0.47 0.57 0.51 2.58 0.46 0.76 0.67
Built-up 8.84 8.66 8.39 8.38 0.00 0.01 0.41 5.24
Zhaoxing Dong Village
Cropland 79.80 63.23 93.10 93.22 72.33 58.58 93.94 94.51
Forest 14.34 32.18 1.40 1.26 24.91 40.39 6.05 5.48
Grassland 2.47 0.78 0.00 0.00 2.77 1.03 0.00 0.00
Built-up 3.39 3.81 5.50 5.52 0.00 0.00 0.01 0.01
Sizhai MD village
Cropland 59.19 77.05 59.57 59.57 36.39 64.96 54.18 54.30
Forest 10.37 22.60 39.81 39.69 32.16 33.72 45.19 44.95
Grassland 30.21 0.07 0.00 0.00 31.42 1.25 0.00 0.00
Built-up 0.24 0.28 0.62 0.74 0.03 0.07 0.62 0.75
3.4. Impact of the GGP on Sustainable Development in the Ethnic Villages
A total of 124, 107, and 115 questionnaires were collected from the Miao villages, Dong villages,
and MD villages, respectively, to investigate the attitude of the residents towards the implementation
of the GGP and the impact of the GGP on sustainable development. The results of the investigation
indicate that the proportion of residents who have participated in the GGP in Miao villages (60%) is
higher than that for Dong villages (50%) and MD villages (40%). Furthermore, more croplands
were returned to forest in Miao villages (0.13–0.40 hectares/household) than in Dong villages
(0.13–0.27 hectares /household) or MD villages (0.07–0.20 hectares /household). However, the GGP
was not well understood by residents, especially residents of Miao villages. Over 80% of interviewed
people were concerned by the local environmental protection and believed that environmental quality
was improved after the implementation of the GGP. The majority of ethnic people believed that the
GGP has had a positive influence on local life and environment, with a higher proportion of residents
holding this opinion in Miao villages than that in Dong villages and MD villages. Residents benefit
from the GGP due to the subsidies from governments and additional income from nonagricultural
activities, and the majority of interviewed people believed that the GGP had improved their income.
Additionally, over 60% of residents excluded in the previous GGP plan were willing to participate.
A total of 45 interviewed village managers also confirmed the significant social and economic influence
of the GGP on the ethnic villages.
3.5. The Relationship between Landscape Pattern Indices and Topographic Factors
The correlations between topographic factors (slope and elevation) and landscape indices,
including the coverage of three land cover types, NP, and ED at the landscape level, are reported in
Table 2. The results indicate that the distribution of cropland and forest is significantly influenced by
topographic factors. Both slope and elevation have a strong influence on the distribution of cropland.
In contrast, the coverage of forest was positively related to an increase in slope and elevation. However,
the correlation between the coverage of cropland and forest and geographic factors became weaker
during the study period. A negative correlation between ED and slope, and a positive correlation
between NP and slope, were also observed before the implementation of the GGP.
Sustainability 2018, 10, 3485 13 of 18
Table 2. The correlation coefficient between topographic factors (slope and elevation) and landscape
indicators (coverage, NP, and ED) (n = 180).
Year
1 km 2 km
Slope Elevation Slope Elevation
Cropland
1993 −0.47 ** −0.29 ** −0.41 ** −0.26 **
1999 −0.59 ** −0.05 −0.57 ** −0.09
2009 −0.43 ** −0.54 ** −0.41 ** −0.56 **
2013 −0.30 ** −0.46 ** −0.35 ** −0.52 **
Forest
1993 0.64 ** 0.15 * 0.64 ** 0.03
1999 0.62 ** 0.06 0.59 ** 0.04
2009 0.46 ** 0.54 ** 0.41 ** 0.51 **
2013 0.47 ** 0.53 ** 0.40 ** 0.49 **
Grassland
1993 −0.28 ** 0.29 ** −0.39 ** 0.25 **
1999 −0.01 0.08 −0.10 0.14
2009 0.04 0.25 ** 0.00 0.28 **
2013 0.04 0.20 ** 0.00 0.26 **
ED
1993 −0.22 ** −0.01 −0.27 ** −0.15
1999 0.03 −0.15 * −0.12 −0.14
2009 −0.14 −0.01 −0.16 * −0.11
2013 −0.16 * −0.01 −0.19 * −0.11
NP
1993 −0.01 0.27 ** −0.07 −0.03
1999 0.29 ** 0.06 0.22 ** 0.09
2009 0.02 −0.04 0.07 −0.05
2013 0.02 −0.03 0.06 −0.01
*: Correlation is significant at the 0.05 level (2-tailed); **: Correlation is significant at the 0.01 level (2-tailed).
4. Discussion
4.1. The Topography around Ethnic Villages Leads to the Distinct Influence of the GGP
Topography, especially slope gradient, plays an important role in causing soil erosion and is an
important factor in the planning of the GGP. When the slope is greater than 25◦, soil erosion will increase
significantly with increasing slope, especially without the dense protective cover of vegetation [43].
Serious soil erosion reduces the fertility and moisture conservation ability of soil, meaning that it will
not be suitable for farming and will reduce the yield of crops [44]. Before the implementation of the
GGP, deforestation for agriculture and timber was intensively undertaken in Qiandongnan—even
in areas with slopes steeper than 25◦—to ensure the yield of crops, and caused more serious soil
erosion [45,46]. During 1993–1999, over 414,000 hectares with slopes of over 25◦ were converted to
cropland [40]. Miao villages were normally located in areas with a steep slope gradient, and these areas
suffered from serious soil erosion and became the key areas for the GGP. The subsidies of the GGP
and expectation of environmental protection stimulated the residents’ willingness to participate in the
GGP [22]. Therefore, the GGP has a significant positive influence on the environmental protection and
control of soil erosion around Miao villages.
Unlike Miao villages, Dong villages and MD villages are located in relatively flatter places where
soil erosion was less likely to happen and which are suitable for agricultural production. Therefore,
agricultural production around Dong villages was more intensive than that around Miao villages, and
the coverage of cropland was stable before the implementation of the GGP. After the implementation
of the GGP, the centre of agricultural production moved to and was concentrated in flatter areas where
Dong villages and MD villages are located. Consequently, natural forest and grassland around these
villages were reclaimed to cropland, even far from the village centre. A significant increase of cropland
in the 2-km buffer around Dong villages was identified after 1999.
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With increasing buffer radius, the coverage of cropland decreases with correspondingly increasing
forest coverage. This indicates that agricultural activities might be restricted by distance, because of the
relatively poor accessibility imposed by the topographic conditions. However, this restriction became
weaker due to the improvement of technologies, facilities, and equipment adopted in agricultural
activities, as indicated by the gradually weakened correlation between the coverage of forest and
cropland and the slope. According to the statistical report by the Qiandongnan government, the
number of facilities used for irrigation in 2012 were five times greater than that were in 2003, and
the number of tractors and lorries used for agricultural transportation quadrupled from 2003–2012
(http://www.qdn.gov.cn/).
4.2. Opportunities, Challenges, and Recommendations
The GGP provides opportunities to diversify the economic structure and improve the social
mobility in ethnic villages. After cropland on steep slopes was returned, less labour and time were
needed for cultivation and agricultural production. As a result, surplus workers who used to be
engaged in agricultural production were able to look for other economic opportunities in other sectors.
After the implementation of the GGP, the number of migrant workers increased significantly [22].
Tourism was rapidly developed and became the mainstay industry in some ethnic villages, such as
Qianhu Miao village and Zhaoxing Dong village. The cultivation of mushrooms was also developed
in many Miao villages after the implementation of the GGP, which promoted the combination of
forestry and agricultural cultivation. The increase in social mobility, development of tourism, and
diversification of livelihoods required the improvement of and investment in transportation and
living facilities, which provide job opportunities to ethnic people. Additionally, an increased number
of workers engaged in forestry activities solves the problem of the surplus labour caused by the
reduction of land area. The number of workers engaged in forestry cultivation and protection also
increased for grass cultivation and conservation under the forest, in order to control the soil erosion in
a three-dimensional and comprehensive way.
Ethnic villages in Qiandongnan Prefecture reflect the living conditions, cultural features, and
interaction between ethnic people and the environment, as well as the historical process of the
formation and evolution of ethnic settlements in different periods, different regions, and different
cultural types. The experience of landscape planning on how harmonious interactions with the local
surrounding natural environment have accumulated during the long practice and production history
of ethnic minorities, and this experience could offer a valuable reference for planning, designing, and
operating our modern cities. The three-dimensional spatial structure, which is the integration of forest,
cropland, and buildings within the ethnic villages inspired by the practice of worshiping in sacred
forests, coincides with the concept of modern urban ecological architecture. Although forest coverage
decreased before or after the implementation of the GGP around villages, there were certain pieces of
forest reserved within or close to villages. In MD villages, architectures with different ethnic characters
were well distributed and planned. Two cultures were nicely united there, similar to modern cities,
where different cultures are mixed. We believe that the design and planning of mixed villages might
offer inspiration for modern city design.
On the other hand, the GGP also brought new challenges to environmental protection and
sustainable development. Improved income and diversified livelihood stimulate local residents
to rebuild their houses or build new ones which are mainly wood-based. Building new houses
increases the need for timber and this brings new challenges to forest protection. Additionally, the crop
biodiversity was also reduced in Qiandongan; for example, the number of kam sweet rice types reduced
from over 40 before the implementation of the GGP to over 10 in 2013 in Liping County [47]. After the
implementation, the increased number of migrant workers reduced the need for crop variety [47].
Additionally, local farmers are more willing to grow cash crops or crops having a higher yield rather
than traditional crops with lower yield to compensate for the reduction of income and yield due to
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converted cropland. From 2003 to 2012, the area of cropland for the economic crops, fruit, tobacco, and
medicinal herbs dramatically increased year by year [28]. As a result, the biodiversity of crops reduced.
A series of accomplishments have been led by the GGP. However, the planned duration of
subsidies (5–8 years) is too short both for forest recovery and for trees to grow large enough to allow
sufficient harvest to offset the losses from converted cropland [25]. Additionally, the GGP was poorly
understood by ethnic people, which might have reduced the awareness of public of the importance
of continuing the GGP after the subsidies stopped. Studies have indicated that some converted
forest and grassland would possibly be converted back to cropland and that natural forest would
be logged again if the subsidies ended [48]. Reduced forest coverage around Dong villages after
the implementation of the GGP also demonstrated that the natural forest was logged and converted
to cropland for compensating the converted cropland on steep slopes. Additionally, grassland was
significantly reduced during the study period. Grassland in relatively flat places was reclaimed to
compromise the converted cropland.
These findings show that protecting natural forest and converted forest needs to be put on
the list of concerns after the implementation of the GGP. At the same time, promoting the GGP in
areas which have not been focused on previously and improving the awareness of the public about
environmental protection and understanding of the GGP are urgent for implementing sustainable
development strategy.
5. Conclusions
The application of the GGP has, to some extent, resulted in some modest gains in forest
conservation around ethnic villages in Qiandongnan Prefecture, especially around the Miao villages
with steeper topography, where the ecological benefits of the GGP are the greatest. In these areas,
a reduction in the number of patches and edge density implies a more continuous forest cover, which
has some benefits for wildlife. The faith in the sacred forest also plays an important role in forest
preservation in this region. However, reclamation is still intensive around ethnic villages, especially
in Dong villages. It is also noted that after the end of the first phase of the GGP, there was some
reversion of forest back to cropland. Therefore, we propose that the GGP continues to be applied in
Qiandongnan Prefecture to encourage forest conservation. Additionally, more attention should be paid
to the southern and eastern areas of the prefecture, where there was previously limited implementation
of the GGP. At the same time, conserving the biodiversity of crops is also important for sustainable
development in Qiandongnan Prefecture.
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